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Introduction
The magnitude of resistance against muscle force determines mechanical muscle behaviour such that a muscle-tendon unit is shortened, lengthened or remains static when the resistance over the generated muscle force is smaller, greater or equal, respectively. It is known that the CNS regulates lengthening (eccentric) contractions in a different manner from shortening (concentric) and static (isometric) contractions (Enoka, 1996; Aagaard et al. 2000; Duchateau & Baudry, 2014; Duchateau & Enoka, 2016) . For example, lower EMG activity during maximal voluntary eccentric contractions was reported for quadriceps muscles (Westing et al. 1991; Kellis & Baltzopoulos, 1998; Aagaard et al. 2000) and other muscle groups (Komi et al. 2000; Pinniger et al. 2000) , when compared with maximal voluntary concentric and isometric contractions. A reduction in motor unit recruitment and/or firing rate has also been suggested in studies that used the twitch interpolation technique (Westing et al. 1990; Babault et al. 2001; Beltman et al. 2004) , showing that voluntary activation was lower for maximal eccentric than concentric or isometric contractions of the knee extensors, but similar between concentric and isometric contractions (Beltman et al. 2004; Doguet et al. 2017) .
Using transcranial magnetic stimulation (TMS) and electrical stimulation delivered at subcortical locations (e.g. cervicomedullary junction, peripheral nerve), previous studies demonstrated that the inability of the CNS to maximize neural output during eccentric contractions was attributable to spinal inhibitory processes, rather than a reduced supraspinal drive (Duclay & Martin, 2005; Gruber et al. 2009; Duclay et al. 2011 Duclay et al. , 2014 Howatson et al. 2011) . For example, Duclay et al. (2014) reported a depression of soleus H reflex amplitude, which represents a reduction of the Ia afferent-α-motoneuron transmission efficiency at the spinal level (Pierrot-Deseilligny & Burke, 2005) , during maximal eccentric contractions of the plantar flexors when compared with concentric and isometric contractions. Duclay et al. (2014) also reported a shorter duration of the cortical silent period (CSP) during eccentric contractions that reflected a reduction in intracortical inhibitory processes. These observations were in agreement with other studies (Duclay et al. 2011; Howatson et al. 2011) , suggesting that an extra excitatory descending drive compensates for increased spinal inhibition during eccentric contractions (Gruber et al. 2009 ). The main mechanism modulating spinal inhibition during eccentric contractions is thought to act at the presynaptic side of motoneurons. This occurs through central (i.e. cortical areas) and peripheral (e.g. group I afferents) activation of primary afferent depolarization interneurons (Pierrot-Deseilligny & Burke, 2005; Duchateau & Enoka, 2016) . Recurrent inhibition mediated by Renshaw cells, which act at the postsynaptic side of motoneurons, might also modulate motor output gain differently according to the motor action (Nielsen & Pierrot-Deseilligny, 1996) and has been suggested as a potential mechanism that reduces neural output during eccentric contractions (Duchateau & Enoka, 2016) .
Previous studies showed that muscle length influences voluntary activation during concentric and isometric maximal contractions (Becker & Awiszus, 2001; Babault et al. 2003) . We recently reported that muscle length also affects voluntary activation during maximal eccentric contractions of the knee extensors (Doguet et al. 2017) . Furthermore, we reported a lower voluntary activation at long, but not at short muscle lengths during eccentric contractions, when compared with concentric and isometric contractions (Doguet et al. 2017) . These findings suggest that reduced neural activity during eccentric contractions would be muscle length dependent. However, it is not known whether neural changes observed at different muscle lengths during concentric, isometric and eccentric contractions are associated with changes in excitability at the cortical and/or spinal level.
The muscle-tendon unit elongation that occurs over an eccentric contraction may modulate afferent volleys from mechanoreceptors (e.g. muscle spindles) to a greater extent than that during concentric and isometric contractions. If this is the case, greater changes in spinal excitability between different muscle lengths would be observed during eccentric contractions than during concentric or isometric contractions. Furthermore, cortical excitability, which has been suggested to compensate, in part, for spinal inhibition during eccentric contractions (Gruber et al. 2009 ), might also be modulated according to muscle length changes.
The present study compared changes in motor evoked potential (MEP) amplitude and CSP duration between concentric, isometric and eccentric maximal voluntary contractions of the knee extensors and between 75 and 100 deg of knee flexion (0 deg = full knee extension). The MEP amplitude and CSP duration were recorded as a measure of corticospinal excitability and intracortical inhibitory processes, respectively, and 75 and 100 deg of the knee joint angle were chosen to represent an intermediate and a long muscle length, respectively. It was hypothesized that MEP amplitude would be reduced during eccentric contractions compared with concentric and isometric contractions, and to a greater extent at a long muscle length (100 deg) owing to a potential decrease in spinal excitability (e.g. facilitation of presynaptic inhibition of Ia afferents). It was also assumed that CSP duration would be shorter for eccentric contractions than both concentric and isometric contractions, and that CSP duration would be shorter at a long, rather than intermediate muscle length during eccentric contractions owing to an increased compensatory strategy by cortical centres. No differences were expected between concentric and isometric contractions for both MEP and CSP.
Methods

Ethical approval
The study conformed with standards set by the Declaration of Helsinki (2013) , except for registration in a database, and was approved by the Human Research Ethics Committee of the Edith Cowan University (project no. 13607), and all volunteers gave their informed written consent before participation in the study.
Participants
Twelve men (age, 27.7 ± 4.9 years; height, 177.6 ± 7.9 cm; and body mass, 75.5 ± 8.0 kg), with no history of neurological illness or musculoskeletal injury of the knee extensors, participated in this study. Participants were recruited from either an untrained (n = 8) or a resistance-trained population (n = 4; 1-4 h per week), because training status has not been shown to affect MEP and CSP measurements during concentric and eccentric contractions (Tallent et al. 2013) . The sample size was calculated using G * Power (version 3.1.9.2; Kiel University, Kiel, Germany; Faul et al. 2007) , based on an expected 'medium' effect size (f 2 = 0.25) for MEP amplitude difference between the two knee joint angles, with an α level of 0.05, power (1 − β) of 0.8 and correlation among repeated measures of 0.85.
Study design
All participants performed a total of 36 maximal voluntary contractions, with 12 for each contraction type (concentric, isometric and eccentric), and with 5 min of rest between contraction types in a single day. Participants performed a warm-up with both dynamic and isometric contractions (ß15 submaximal contractions) before performing three isometric maximal voluntary contractions to assess their isometric peak torque. For all protocols, TMS and electrical stimulations of the peripheral nerve (ENS) were superimposed on contractions at 75 and 100 deg of knee flexion (0 deg = full knee extension) so that four TMS and two ENS were delivered at each angle to assess vastus lateralis (VL) MEP, CSP and M wave. The order of the concentric and isometric protocols was randomized among participants such that six participants carried out the concentric protocol first, and then the other six participants carried out the isometric protocol first. Given that eccentric contractions could potentially induce muscle damage (McCully & Faulkner, 1985; Friden & Lieber, 2001 ), the eccentric protocol was performed last. The VL quadriceps head was chosen because VL EMG activity reliably predicts quadriceps torque production (Alkner et al. 2000) . Additionally, good within-day reliability has been reported for both MEP and CSP for this muscle (O'Leary et al. 2015) .
Dynamometer
Participants were firmly secured to a chair of a Biodex System 3 Pro (Biodex Medical Systems Inc., Shirley, NY, USA) by non-extensible belts, at 85 deg hip flexion (0 deg = full hip extension), and the right knee joint axis was aligned to the dynamometer rotation axis. Torque and angular position were digitized using a 16-bit analog-to-digital converter module (DT 9804; Data Translation, Marlboro, MA, USA) and sampled in real time at 5 kHz with data acquisition software (NeuroEval C ; University of Nantes, Nantes, France). The torque signal was gravity corrected over a range of motion from 40 to 110 deg of knee flexion, with a third-degree polynomial function, and low-pass filtered at 50 Hz, with a second-order zero-lag Butterworth filter. The angular position signal was low-pass filtered at 20 Hz, with a second-order zero-lag Butterworth filter. Participants received visual feedback of their torque trace during all contractions.
Electromyography
The VL EMG activity was recorded using a pair of circular surface electrodes (recording diameter = 10 mm; ADInstruments Pty. Ltd, Bella Vista, NSW, Australia) placed at 15 cm from the patella apex in an oblique direction, with a 20 mm inter-electrode interval. The EMG electrodes were placed parallel to the underlying muscle fascicle alignment explored using ultrasound B-mode scanning (Aloka ProSound F75; Hitachi Ltd, Tokyo, Japan). An earth electrode was placed at the patella of the ipsilateral leg. The EMG signals were analog filtered (bandwidth, 1 Hz to 1 kHz) and amplified (×500) through a NeuroData acquisition system (Model 12; Grass Instrument Co., West Warwick, RI, USA), and digitized and sampled at 5 kHz together with mechanical signals. The EMG signal was also digitally filtered (bandwidth, V. Doguet and others 10-400 Hz) with a second-order zero-lag Butterworth filter.
Transcranial magnetic stimulation
Single magnetic pulses were delivered to the participant's skull through a 100 mm double-cone coil connected to a MagStim 200² stimulator (Magstim Company Ltd, Whitland, Dyfed, UK) and held flat on the skull. The TMS location was first determined by delivering 65% of the maximal stimulator output TMS during intermittent (contraction interval, 10 s), maintained isometric contractions (ß3 s) at 75 deg of knee flexion, corresponding to 20% of the isometric peak torque determined before the protocol. The centre of the coil was moved on a 1 cm × 1 cm square grid, centred on the participant's vertex, between stimulations, and the TMS hotspot was determined as the grid area for which the highest MEP was recorded. The MEP amplitudes of antagonist muscles were not controlled during the procedure. On average, 11.6 ± 2.2 trials were necessary to localize the TMS hotspot.
The TMS intensity was defined before the first protocol, during maintained isometric contractions at 75 deg of knee flexion, corresponding to 20% of the isometric peak torque (Rossini et al. 2015) , using a TMS motor threshold assessment tool (MTAT 2.0; http://www. clinicalresearcher.org/software.htm; Awiszus, 2003) . This method consisted of adjusting the TMS intensity under software control to obtain an intensity that gave an MEP of 0.5 mV amplitude. A fixed MEP amplitude of 1 mV is generally used with such a method (Silbert et al. 2013) , but pilot studies showed that a 1 mV MEP amplitude was not always evoked on quadriceps muscles for some individuals. The TMS intensity was increased further by 140% to probe MEP size on the rising phase of the stimulus-response curve (Rossini et al. 2015) and maintained for the overall protocol. The average TMS intensity was 66 ± 12% of the maximal stimulator output.
Electrical nerve stimulation
Single rectangular electrical pulses (duration, 200 μs; output voltage, 400 V) were delivered using a constantcurrent stimulator (Digitimer DS7AH; Digitimer Ltd, Welwyn Garden City, UK). A cathode (diameter = 1 cm; ADInstruments Pty. Ltd) was positioned over the femoral nerve, in the femoral triangle, and an anode (50 mm × 90 mm; Dura-Stick Plus, Chattanooga Group, Hixson, TN, USA) was placed on the greater trochanter. The same experienced investigator exerted a constant pressure on the cathode during each ENS to facilitate current propagation into the nerve.
The ENS intensity used throughout all protocols was defined before the first protocol as the lowest intensity required to evoke a maximal M wave peak-to-peak amplitude in VL, and this intensity was then increased by 25%, i.e. supramaximal intensity. The ENS were delivered during intermittent (contraction interval, 10 s), maintained isometric contractions (ß3 s) at 75 deg knee flexion corresponding to 20% of the isometric peak torque, and the stimulation intensity was progressively increased, with a 10 mA increment, until there was no further increase of VL M wave amplitude. The average ENS intensity used was 161 ± 28 mA.
Maximal voluntary contractions
Isometric contractions. Participants performed 12 3-s maximal isometric voluntary contractions at 75 deg (×6) and 100 deg (×6) knee flexion, successively, with 10 s of rest between contractions. For the two knee joint angles, TMS (trials 1-4) or ENS (trials 5 and 6) stimuli were manually superimposed on the contraction when the torque plateaued, which was 1-2 s after contraction onset. The order of contraction angles was randomized among participants. The ENS were superimposed on the last four contractions, alternately at 75 deg (trials 9 and 11) and 100 deg (trials 10 and 12) of knee flexion. For TMS and ENS, the magnetic or electrical stimulator was triggered when the leg crossed 75 or 100 deg of the dynamometer's angle.
For all contractions (i.e. concentric, isometric and eccentric), participants were asked to maintain their maximal level of force output after receiving the stimulations (i.e. TMS or ENS).
Data processing
Knee extension torque. Knee extension torque measured at 75 and 100 deg of knee flexion was reported for all contraction types.
Motor evoked potential amplitude. The four MEP peak-to-peak amplitudes were averaged for all contraction types and knee joint angles (Lewis et al. 2014) , and then normalized with the mean of the two M wave peak-to-peak amplitudes recorded for the same conditions (MEP/M ratio). Muscle length effect on neural motor control Cortical silent period. The four raw EMG traces recorded for each contraction type and knee joint angle ( Fig. 1A and C) were individually rectified, and then averaged to obtain a mean rectified signal (Fig. 1B and D) . The CSP duration was determined as the interval from the stimulation time to the time at which post-stimulus mean rectified EMG exceeded 25% of the averaged baseline rectified EMG before the TMS (Rossini et al. 2015) , averaged over a 250 ms window before the TMS (Fig. 1B and D) .
Statistical analysis
Data are expressed as means ± SD. Statistical analyses were performed using Statistica 7.0 software (Statsoft Inc., Tulsa, OK, USA). All data were normally distributed (Shapiro-Wilk's test). Separate Student's paired t tests were used to compare knee extension torque between the first and the sixth contractions for all contraction types and knee joint angles. The MEP/M and CSP duration were compared among contraction types (concentric, isometric and eccentric) and knee joint angles (75 and 100 deg) using separate two-way repeatedmeasures ANOVAs. When the sphericity assumption in the repeated-measures ANOVA was violated (Mauchly's test), a Geisser-Greenhouse correction was used. Post hoc analysis was conducted using Fisher's LSD test. The significance level was set at P < 0.05, and effect size was reported using a partial eta square (ρη²) value, with 0.06 and 0.14 for medium and large effect size, respectively (Cohen, 1988) . Separate linear Pearson's correlations (r²) were performed to test for correlations between raw MEP amplitude and CSP duration for all contraction types and knee joint angles. Coefficient of variation (CV) was used to measure within-subject reliability for knee extension torque, MEP and M wave in all test conditions, and was calculated as follows (Hopkins, 2000) :
where sdiff i/i−1 represents the standard deviations of an individual difference score between successive trials; n represents the total number of trials; and X represents the mean value of the considered contraction type and knee joint angle.
Results
Knee extension torque Table 1 shows the average knee extension torque of the participants, measured at the first and sixth contractions during concentric, isometric and eccentric contractions at both 75 and 100 deg. Knee extension torque was similar between the first and sixth contractions for all contraction types and knee joint angles, except for torque measured during eccentric contractions at 100 deg, which was significantly decreased (P < 0.05) from the first to the sixth contraction (Table 1) . Knee extension torque showed good within-subject reliability (CV < 10%) for all contraction types and knee joint angles, except during eccentric contractions at 100 deg (CV = 11.1%). Table 2 shows raw values of MEP, maximal M wave and CSP duration recorded during concentric, isometric 
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.2%).
A contraction type × angle interaction effect (F 2,22 = 4.25; P < 0.05; ρη² = 0.28) showed that MEP/M was lower (P < 0.001) during eccentric contractions than both concentric and isometric contractions at 75 deg ( Fig. 2A) , but similar between eccentric and both concentric (P = 0.102) and isometric contractions (P = 0.384) at 100 deg. No differences were found for MEP/M between concentric and isometric contractions at 75 deg (P = 0.288) and 100 deg (P = 0.423). The MEP/M was not different between the two knee joint angles for both concentric (P = 0.719) and eccentric contractions (P = 0.078), but was higher (P < 0.05) at 75 than 100 deg for isometric contractions (Fig. 2A) . A contraction type main effect (F 2,22 = 5.05; P < 0.05; ρη² = 0.31) showed that MEP/M was significantly lower (P < 0.05) during eccentric contractions than both concentric and isometric contractions, with no difference (P = 0.898) between concentric and isometric contractions. No angle main effect (F 1,11 = 0.07; P = 0.798; ρη² = 0.01) was found for MEP/M.
Cortical silent period duration
A contraction type × angle interaction effect (F 2,22 = 13.07; P < 0.01; ρη² = 0.54) showed that CSP duration was significantly shorter during eccentric contractions than both concentric and isometric contractions (P < 0.01) at 75 deg, and longer during eccentric than both concentric (P < 0.01) and isometric contractions (P < 0.05) at 100 deg (Fig. 2B ). No differences were found for CSP duration between concentric and isometric contractions at both 75 deg (P = 0.547) and 100 deg (P = 0.725). The CSP duration was not different between knee joint angles during both concentric (P = 0.084) and isometric contractions (P = 0.410), but was longer (P < 0.001) at 100 than 75 deg during eccentric contractions (Fig. 2B) . Neither contraction type (F 2,22 = 0.01; P = 0.991; ρη² < 0.01) nor angle (F 1,11 = 2.34; P = 0.155; ρη² = 0.18) main effects were found for CSP duration between concentric, isometric and eccentric contractions at 75 and 100 deg. No significant correlations were found between raw MEP amplitude and CSP duration for concentric (75 deg, r² = −0.01, P = 0.807; 100 deg, r² = −0.01, P = 0.960), isometric (75 deg, r² = 0.02, P = 0.657; 100 deg, r² = −0.07, P = 0.393) and eccentric conditions (75 deg, r² < 0.01, P = 0.950; 100 deg, r² = −0.12, P = 0.264).
Discussion
To the best of our knowledge, the present study is the first to assess TMS-induced responses (i.e. MEP and CSP) during maximal eccentric contractions of the knee extensors. The hypothesis tested in this study was that MEP amplitude and CSP duration would be reduced during eccentric contractions when compared with concentric or isometric contractions, and this difference would be greater at 100 than 75 deg of knee flexion. Conversely, our results suggested that neural processes during eccentric contractions would not be amplified at long muscle lengths, but would rather be reversed.
In the present study, stimulations (i.e. ENS and TMS) were delivered at different times from contraction onset among contraction types. The stimulations were manually delivered at ß1.5 s after the onset of isometric contractions for both 75 and 100 deg of knee flexion, but the timing was shorter and differed between the angles for concentric (100 deg, ß225 ms; 75 deg, ß775 ms) and eccentric contractions (75 deg, ß775 ms; 100 deg, 1.3 s) owing to the defined range of motion (i.e. 40-110 deg). Given that it takes ß300 ms to reach peak torque after the onset of a maximal voluntary contraction (Thorstensson et al. 1976) , it is possible that knee extension torque, and potentially MEP, might be underestimated at 100 deg of knee flexion during concentric contractions. To prevent this stimulation timing effect and the influence of fatigue, previous studies generally used a pre-activation isometric phase before initiating dynamic contractions as well as a longer rest period than the present study (e.g. 1 min versus 10 s) between contractions (Babault et al. 2001; Duclay & Martin, 2005; Duclay et al. 2011) . However, the design used in the present study (i.e. no pre-activation phase and short contraction interval) was assumed to reflect better how the CNS controls voluntary contractions that generally occur in daily dynamic contractions or exercise protocols. Furthermore, it has been demonstrated that MEP amplitude influences CSP duration on both the first dorsal interosseus (Orth & Rothwell, 2004) and triceps surae muscles (Duclay et al. 2011) . Orth & Rothwell (2004) recommended using CSP duration and MEP amplitude ratio (i.e. CSP/MEP) to reduce the between-subject variability of the estimation of CSP duration. However, in the present study, no significant relationship was found between the raw MEP amplitude and CSP duration. Given that we found larger between-subject variability using CSP/MEP V. Doguet and others rather than raw CSP duration, the latter was used for analysis.
In line with the hypothesis, MEP/M was lower during eccentric contractions than both concentric and isometric contractions at 75 deg of knee flexion (Fig. 2A) . Previous studies also reported lower MEP of soleus (Duclay et al. 2011 (Duclay et al. , 2014 and biceps brachii and brachioradialis (Gruber et al. 2009 ) during eccentric compared with concentric and/or isometric contractions of the plantar flexors and the elbow flexors, respectively. It has been reported that the transmission between corticospinal branches and α-motoneurons cannot be inhibited at the presynaptic level (Nielsen & Petersen, 1994) . Thus, such decrement in MEP indicates a decrease in cortical neurons responsiveness to motor cortex stimulation and/or changes in peripheral afferent inputs to α-motoneurons (Gruber et al. 2009; Duclay et al. 2011) . Duchateau & Enoka (2016) have stated that the reduced neural activity during maximal eccentric contractions is likely to arise from spinal inhibitory processes rather than a supraspinal site. As our pilot studies revealed that the H reflex could not be evoked reliably in the heads of quadriceps muscle during maximal eccentric knee extensions, Ia afferent input to α-motoneurons was not directly assessed in the present study. However, as it has been widely suggested (Hultborn et al. 1987; Rudomin & Schmidt, 1999; Duclay et al. 2011 Duclay et al. , 2014 Duchateau & Enoka, 2016) , a reduction in spinal excitability attributable to presynaptic inhibition of Ia afferents might have contributed to the decreased corticospinal excitability (i.e. MEP/M) observed during eccentric contractions at 75 deg. Additionally, there is some evidence of changes in recurrent inhibition adjustments between different motor actions in humans (Nielsen & Pierrot-Deseilligny, 1996) , and it has been suggested that Renshaw cells could be centrally controlled by supraspinal centres to adjust neural output at the postsynaptic side of the motoneuron during eccentric contractions (Duchateau & Enoka, 2016) . Thus, although this mechanism needs to be assessed directly, it seems possible that recurrent inhibition also contributed to the corticospinal inhibition observed during eccentric contractions at 75 deg.
At 100 deg of knee flexion, no differences in MEP/M were found among concentric, isometric and eccentric contractions ( Fig. 2A) . These findings suggested that, contrary to the initial hypothesis, the observed reduction in corticospinal excitability at intermediate muscle lengths, in both the present and previous studies (Gruber et al. 2009; Duclay et al. 2011 Duclay et al. , 2014 , is not present at longer muscle lengths. A small fascicle length change during the first part of the range of motion was reported for both vastus lateralis and gastrocnemius medialis during eccentric contractions of knee extensors (Guilhem et al. 2011 ) and plantar flexors (Guilhem et al. 2016) , respectively. However, greater fascicle lengthening was reported during the second part of the muscle-tendon unit lengthening for both vastus lateralis and gastrocnemius medialis (Guilhem et al. 2011 (Guilhem et al. , 2016 . Greater muscle length favours Ia afferent discharge owing to muscle spindle stretching, and this increase in length-related sensory volleys should facilitate an excitatory postsynaptic potential at the α-motoneurons (Matthews, 2011) . Conversely, an increase in fusimotor-driven Ia volleys from all knee extensors may also activate presynaptic inhibition of vastus lateralis Ia afferents through excitation of primary afferent depolarization interneurons (Pierrot-Deseilligny & Burke, 2005) . Hence, it is possible that for a certain amount of stretching, the facilitation of monosynaptic Ia-α-motoneuron transmission overcomes the increase in presynaptic inhibition of Ia afferents. Previous studies tested gastrocnemius medialis MEP at both flexed (i.e. 60 deg of knee flexion and 0 deg of ankle flexion) and extended positions (i.e. 0 deg of knee flexion and 0 deg of ankle flexion) during concentric, isometric and eccentric maximal plantar flexions (Duclay et al. 2011 (Duclay et al. , 2014 . These studies did not show any difference in gastrocnemius medialis MEP among contraction types, regardless of the positions. However, given that fascicle length was not controlled in either the present study or in previous ones (Duclay et al. 2011 (Duclay et al. , 2014 , it is uncertain whether muscle length state is comparable between studies. Moreover, the lower angular velocity used in the previous studies (20 deg s −1 ) compared with the present study (45 deg s −1 ) might also confound the comparison owing to the influence of velocity on peripheral afferent feedback and neural activation of muscle (Duchateau & Enoka, 2011) . Furthermore, MEP/M did not change or even decreased from 75 to 100 deg during concentric and isometric contractions, whereas it was slightly increased during eccentric contractions ( Fig. 2A) . Given that dynamic receptors of muscle spindles (i.e. mainly Ia afferents) discharge only when fusimotors are lengthened (Matthews, 2011) , it is possible that static and dynamic sensibilities of muscle spindles act differently on motoneuronal activity between concentric, isometric and eccentric contractions.
At 75 deg of knee flexion, CSP duration was shorter during eccentric than both concentric and isometric contractions (Fig. 2B ). This result supported our initial hypothesis and strengthened previous findings that reported a reduction in soleus CSP during eccentric plantar flexions compared with concentric and/or isometric contractions (Duclay et al. 2011 (Duclay et al. , 2014 . It has been reported that the CSP duration exclusively represents intracortical inhibitory processes when it lasts >100 ms (Inghilleri et al. 1993) . By delivering conditioning and test TMS at different interstimulus intervals, Howatson et al. (2011) also showed that eccentric contractions of the wrist flexors were associated with lower intracortical inhibition and greater intracortical facilitation than concentric contractions. Therefore, it appears that cortical activity is greater during eccentric contractions when compared with concentric and isometric contractions. This extra descending drive might represent a compensatory strategy for greater spinal inhibition (e.g. presynaptic inhibition of Ia afferents) observed during eccentric contractions (Gruber et al. 2009) . It has been shown that presynaptic inhibition of Ia afferents is reduced when the corticospinal pathway is artificially activated by magnetic stimulation of the primary motor cortex (Grospretre et al. 2014) . However, it remains unknown whether a reduction in CSP duration may represent a facilitation of transmission between descending drive and α-motoneurons, a limitation of primary afferent depolarization interneuron activity, or both (Duchateau & Enoka, 2016) .
Contrary to what was found at intermediate muscle lengths, CSP was longer during eccentric than both concentric and isometric contractions at 100 deg (Fig. 2B ). This result suggests that intracortical inhibitory processes are greater during eccentric than both concentric and isometric contractions at long muscle lengths. It is possible that the absence of differences in corticospinal excitability (i.e. MEP/M) between contraction types at 100 deg was partly attributable to a facilitation of Ia-α-motoneuron transmission between intermediate and long muscle lengths during maximal eccentric contractions. It is not known whether CSP duration represents central control of primary afferent depolarization interneurons, but an increase in intracortical inhibitory processes seems to discord with a central disfacilitation of presynaptic inhibition of Ia afferents. However, it is possible that the longer CSP found in the present study mainly represents a reduction in the descending monosynaptic transmission to α-motoneurons during eccentric contractions at long muscle lengths. Therefore, contrary to our hypothesis, the classic neural control observed at intermediate muscle lengths during maximal eccentric contractions (i.e. spinal inhibition partly compensated by an extra descending drive) was not amplified at long muscle lengths, but would rather be reversed (i.e. spinal facilitation from peripheral inputs limited by a reduced descending drive).
Further studies are necessary to investigate H reflex and presynaptic inhibition in parallel to supraspinal measurement (e.g. CSP) at different muscle lengths during maximal eccentric contractions. The present study found a longer CSP at 100 than 75 deg of knee flexion during eccentric contractions, but this was not the case for concentric and isometric contractions. This result may indicate that muscle length affects intracortical inhibitory processes when muscle is actively lengthened (i.e. eccentric), but not when it is either actively shortened (i.e. concentric) or statically active (i.e. isometric). Considering the observations for MEP (see above), it seems that the dynamic sensibility of muscle spindles (i.e. mainly Ia afferents) affects both spinal and supraspinal levels during maximal eccentric contractions. Given that the eccentric protocol was performed last, and knee extension torque decreased during eccentric contractions (Table 1) , it should be acknowledged that fatigue and/or muscle damage might have contributed to the differences (or absence of differences) for MEP and CSP between eccentric and other contraction types, and this can be viewed as a limitation of the present study. Given that stimuli were alternately delivered at 75 and 100 deg during each protocol, and our findings for MEP (i.e. reduction) and CSP (i.e. shorter duration) measured at 75 deg are in accordance with previous studies (Gruber et al. 2009; Duclay et al. 2011 Duclay et al. , 2014 , it is likely that the specific neural control observed at 100 deg during eccentric contractions is attributed to the influence of muscle length.
In summary, the present study provided new findings about dynamic neural control of eccentric contractions, showing that both corticospinal excitability and intracortical inhibitory processes were modulated according to muscle length during maximal eccentric contractions. The exact mechanisms driving these modulations remain unknown, but the present findings suggest that muscle spindles, especially their dynamic receptors, might play a major role in the regulation of both spinal and supraspinal excitabilities according to muscle length during eccentric contractions. 
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